Objective: To investigate whether sequential regimen such as traditional anti-reabsorption medications followed by zoledronic acid could reduce the side effects after initiation of zoledronic acid in postmenopausal osteoporosis patients. Methods: A total of 156 postmenopausal osteoporosis patients who presented at our osteoporosis outpatient clinic were enrolled in this study. They were randomly divided into four groups: the control group, alendronate group, calcitonin group, and raloxifene group. All participants were treated with Caltrate 600 mg per day and calcitriol 0.25 ug per day as a baseline treatment, followed by administrating 5 mg/100 mL of zoledronic acid intravenously for one single time three months afterwards. During the abovementioned course of three months, the alendronate group received 70 mg of alendronate sodium orally once a week, the calcitonin group received nasal spray form of salmon calcitonin 10iu daily, the raloxifene group received 60mg of raloxifene orally daily, and the control group received nothing but only the baseline treatment. We tested parameters such as β-cross, blood calcium level, renal function both pre and post zoledronic acid treatment. We also documented those side effects that typically occurred within one week of treatment initiation, which included the proportion, severity, onset time, and duration of the fever, demand for pain medication, severity of bone and joint pain, flu-like symptoms, arrhythmia, blood calcium level, and kidney function impairment. We also evaluated how willing the patients were to receive a second dose of zoledronic acid. Then we did comparative analysis between control group and sequential group. Results: The side effects such as fever, bone and joint pain, flu-like symptoms after zoledronic acid treatment in alendronate group and calcitonin group were all significantly lower than that in control group, while raloxifene group showed no significant difference compared to that in the control group. The proportions of patients who needed NSAIDs in the alendronate group and the calcitonin group were significantly lower than that in control group. However, the raloxifene group showed no significant difference in the NSAIDs demand from that of the control group. The percentages of patients who consented to a second dose of zoledronate therapy in the alendronate, calcitonin and raloxifene groups were significantly higher than that in the control group. Conclusions: Sequential treatment with alendronate sodium or calcitonin can significantly reduce the side effects such as fever, bone/joint pain, flu-like symptoms caused by first-time zoledronic acid therapy. Raloxifene sequential treatment does not seem to have decreased or increased the side effects of zoledronic acid treatment. Also, sequential treatment can improve the patient compliance with a second dose of zoledronic acid.
Introduction
Presently, anti-reabsorption medications are most widely used for treating osteoporosis. Zoledronic acid (Aclasta) is a common clinical anti-reabsorption medication. As a third generation of bisphosphonates (BPs), it outperforms the previous nitrogen-containing BPs in improving patients' balance and quality of life by inhibiting bone reabsorption and increasing bone mineral density (BMD) [1] [2] . It is administrated via intravenous drip infusion once a year, which, therefore, brings good compliance with treatment. However, those who have been treated with zoledronic acid intravenously are likely to suffer from acute side effects, such as fever, bone and joint pain and flu-like symptoms, especially after the first administration [3] . Although the common adverse reactions generally disappear within 72 h, or in rare cases, last 7 to 10 days without recurrence, they have serious impacts on the aging population, especially those with underlying diseases. Thus, the patients who are afraid of any adverse reactions or have suffered from any side effects during the first administration may show poor compliance with the second dose and refuse the clinical application of zoledronic acid. It can be observed from relevant clinical reports that the acute-phase response is less prevalent among the patients who have received other anti-reabsorption medications, and no significant adverse event occurs after the first administration of zoledronic acid. This study aims to investigate whether sequential regimen, namely, traditional anti-reabsorption medications (alendronate sodium, calcitonin or raloxifene) followed by zoledronic acid could reduce or mitigate the acute side effects brought by zoledronic acid administra-Open Journal of Preventive Medicine tion in postmenopausal patients with osteoporosis.
Materials and Methods

Subjects
The clinical data of 156 postmenopausal patients with osteoporosis who presented at our osteoporosis outpatient clinic between January 1, 2015 and June 2017 were analyzed in this study. These patients were postmenopausal women aged 50 to 80 (mean age = 68.5 ± 8.3). Prior to the initial diagnosis, dual-energy X-ray absorptiometry (DXA) was used to test each patient's bone density (lumbar vertebra and femur) and the measured values were considered to be diagnosis and inclusion criteria. Patients were eligible for inclusion if bone mineral density T-score was no greater than −2.5 or T-score was less than −1.0 with preexisting fragility fractures and definite systemic symptoms such as back pain or height loss. Other inclusion criteria include: 1) normal blood calcium; 2) creatinine clearance rate (CCR) > 35 ml/min. Meanwhile, it should be the first time for each patient to receive zoledronic acid with informed consent. Exclusion criteria: 1) previous use (within six months before treatment) of estrogen, glucocorticoid (GC), calcitonin and other BPs that might influence one's bone metabolism; 2) diabetes and endocrine disorders of thyroid, parathyroid, adrenal gland or gonad; 3) CCR ≤ 35 ml/min; 4) secondary osteoporosis; 5) an allergy to zoledronic acid, alendronate sodium, calcitonin or raloxifene.
Methods
This was an open, randomized, placebo-controlled, prospective study involving postmenopausal women with osteoporosis who were divided into a control group, an alendronate sodium zoledronic acid sequential group (alendronate group), a calcitonin zoledronic acid sequential group (calcitonin group) and a raloxifene zoledronic acid sequential group (raloxifene group). Each patient was administrated Caltrate (600 mg/d) and calcitriol (0.25 ug/d) at baseline and then assigned to receive zoledronic acid (5 mg as an IV infusion) after three months.
The patients used Caltrate and calcitriol at baseline during the first three months formed the control group; during this course of treatment, other patients were respectively assigned to receive baseline concomitant medications including 70 mg alendronate sodium orally once a week (alendronate group), nasal spray form of salmon calcitonin 100iu per day (calcitonin group), and 60 mg raloxifene orally per day (raloxifene group).
The abovementioned medications were administrated in strict accordance with relevant instructions. The patients were recommended to drink plenty of water during the day of infusion and received hydration (0.9% NS 250 ml) prior to zoledronic acid administration via intravenous drip infusion (5 mg/100 ml) over 15 min and rehydration (0.9% NS 250 ml). 
Outcome Measures
Relevant parameters including pain score, adverse reaction, blood calcium, renal function and β-cross of each patient were monitored prior to zoledronic acid administration in the third month; the adverse reactions caused by zoledronic acid, such as fever, bone and joint pain, flu-like symptoms, arrhythmia, use of NSAIDs, post-treatment blood calcium level and renal impairment, were documented a week after the administration. A follow-up visit questionnaire was distributed to each participant and collected on the spot. The monitoring indicators are as follows: 1) Fever: Before intravenous infusion, each patient was required to take her axillary temperature with a mercurial thermometer for 10min to identify whether she had a fever or not. A patient who had a fever prior to zoledronic acid administration was ineligible for the study. When a patient had received zoledronic acid via intravenous drip infusion for 15 min, her axillary temperature should be taken again with the same mercurial thermometer. An axillary temperature higher than 37.4˚C was considered to be a fever. For those with normal body temperatures, their axillary temperatures should be taken hourly within four hours. If a patient felt like having a fever, she should monitor her own axillary temperature; otherwise, the patient was required to respectively take her axillary temperature at 10:00 of the day following the administration and then at 15:00 on the day after that. In the following five days, those with normal body temperatures during the previous two days were required to take their axillary temperatures at 10:00 every day. Anyone having a fever during the week after zoledronic acid administration sought medical attention from the researchers as required. When one's body temperature exceeded 38.5˚C, NSAIDs could be applied if appropriate.
2) Bone and joint pain: This category of monitoring indicators includes back pain and knee joint pain.
3) Flu-like symptoms: After zoledronic acid administration, some might suffer from fever (body temperature above 37.5˚C) accompanied with chills, exhaustion, headache, dizziness, body aches and catarrh, or odynophagia, snuffling, rhinorrhea, nausea, vomiting, depraved appetite, diarrhea and abdominal pain. 
Statistical Analysis
The statistical analysis software SPSS 22.0 was employed to analyze the patients' general information and body temperatures in this study. To be specific, the t-test was applied to the intergroup comparison of measurement data while that of enumeration data was performed by means of the chi-square test to illustrate the difference between the three sequential groups and the control group in the prevalence of adverse reactions. P < 0.05 indicated a difference of statistical significance.
Results
General Information
All patients made full participation in the study without withdrawal and no significant adverse reaction was observed during the first three months of treatment at baseline. As shown in Table 1 , there is basically no marked adverse reaction within the abovementioned course of treatment. According to the 
Adverse Reactions a Week after Intravenous Drip Infusion of Zoledronic Acid
According to the data about fever in Table 2 , there are fewer cases of fever in the alendronate group and calcitonin group than the control group. For the comparison between the alendronate group and the control group, x 2 = 10.40 and P = 0.001; as to the comparison between the calcitonin group and the control group, x 2 = 6.724 and P = 0.010, there are statistically significant differences between the control group and the two sequential groups. On the other hand, the difference between the raloxifene group and the control group shows no statistical significance (x 2 = 3.021, p = 0.082). In terms of fever peak value, when comparing the control group with the sequential groups, the P-values are respectively 0.002
(control group vs. alendronate group), 0.004 (control group vs. calcitonin group) and 0.06 (control group vs. raloxifene group). In other words, each of the alendronate and calcitonin groups has a lower fever peak value than the control group. The difference between the control group and each sequential group in onset and duration of fever is not statistically significant. As to bone and joint pain VAS1-3 (pre and post-treatment), the P-values are respectively 0.001 (control group vs. alendronate group), 0.002 (control group vs. calcitonin group) and 0.15 (control group vs. raloxifene group), which suggests that alendronate sodium and calcitonin can ease the acute-phase pain in the zoledronic acid-treated subjects. With regard to flu-like symptoms, the P-values are respectively 0.01 (control group vs. alendronate group), 0.03 (control group vs. calcitonin group) and 0.055 (control group vs. raloxifene group). Compared to the control group, the flu-like symptoms are substantially reduced in the alendronate and calcitonin groups, and the difference is of statistical significance. Basically, no increased Note: VAS1-3 denotes the decrease in the pain scores of the patients after zoledronic acid treatment compared to that upon enrollment; * indicates a statistically significant difference between the corresponding sequential group and the control group (P < 0.05); × suggests that the difference between a given sequential group and the control group shows no statistical difference (P > 0.05). Open Journal of Preventive Medicine creatinine or arrhythmia was reported during the treatment course. To summarize, pretreatment with alendronate sodium and calcitonin can reduce the occurrence of fever, bone and joint pain and flu-like symptoms following the first zoledronic acid infusion; however, raloxifene has no such effects.
Intergroup Comparison of Ca, CCR and β-Cross a Week after Treatment
As shown in Table 3 , the decline in β-cross of each sequential group after treatment is statistically significant compared to that of the control group. This indicates that alendronate, calcitonin and raloxifene can inhibit bone reabsorption by reducing β-cross to a given level. Through analysis, no statistically significant difference is observed between the sequential groups and the control group in the pre and post-treatment CCRs and Ca. The P-value concerning the difference between the pre and post-treatment Ca and CCRs of each sequential group and that of the control group is greater than 0.05, that is, the renal function and Ca of each group are not affected by the medications. Table 4 shows the NSAIDs use reduced by alendronate and calcitonin after the initial zoledronic acid administration. Table 5 reveals the number and proportion of the patients in each group who agreed to receive a second dose of zoledronic acid. By comparison, there is a statistically significant difference between each sequential group and the control group in this respect, which suggests a marked increase in compliance after the corresponding sequential treatment. Among those who refused a second infusion, a large number of these patients were worried about the zoledronic Note: β-cross 1-2 means the difference between the β-cross values upon enrollment and after zoledronic acid treatment; Ca 1-3 refers to the decrease in the Ca level of each group upon enrollment and a week after zoledronic acid administration; CCR [1] [2] [3] represents the difference between the CCRs upon enrollment and a week after the treatment. P 1 , P 2 and P 3 respectively express the P-values based on the comparison of the abovementioned indicators (β-cross 1-2 , Ca [1] [2] [3] and CCR [1] [2] [3] ) between each sequential group and the control group. Open Journal of Preventive Medicine acid-associated adverse reactions while others might make such a decision because they could not afford the medical costs or lacked a sufficient awareness of relevant diseases. Hence, to increase patient compliance with zoledronic acid treatment, the possible adverse reactions, as well as the patient's financial situation, should be taken into account.
NSAIDs Use
Intergroup Comparison of Willingness to Receive a Second Dose of Zoledronic Acid
Discussion
As zoledronic acid becomes an extensively used clinical medication, an increasing number of reports on relevant adverse reactions caused by zoledronic acid, especially the acute-phase one, are presented to the public. Reid, et al. carried out a multicenter international trial involving 7765 postmenopausal women with osteoporosis to explore the characteristics of the acute-phase response (APR) after zoledronic acid, and found that 42.7% of the zoledronic acid group had a fever or flu-like symptoms after the first infusion, compared with 11.7% of the placebo group. Despite the fact that most APR components were rated as mild or moderate, severe adverse events occurred in 30 zoledronic acid-treated subjects Open Journal of Preventive Medicine [7] . Also, it is reported that the peaks in plasma IL-6 were correlated with the peaks in temperature and in serum CRP values [8] . Based on the abovementioned studies and the clinical findings, the occurrence of acute-phase adverse reactions has been significantly reduced in the patients with a history of non-zoledronic acid anti-reabsorption medications after zoledronic acid treatment or a second infusion. This study attempts to develop an appropriate sequential regimen that reduces the adverse reactions caused by the first dose of zoledronic acid.
Fever and flu-like symptoms: after sequential treatment, there were fewer cases of zoledronic acid-related fever and flu-like symptoms in the alendronate and calcitonin groups and lower peaks in temperature. As to the onset and duration of fever, it basically occurred within two days after infusion and disappeared three days later. There is no statistically significant difference between each sequential group and the control group. Adami, S., et al. indicated that the acute-phase response (APR) caused by zoledronic acid administration was associated with the lowest dose; besides, the APR would be provoked by a given dose only, which, at the same time, would render cells insensitive to further stimulation for several months [9] . As anti-reabsorption medications, zoledronic acid outperforms alendronate sodium and calcitonin in inhibiting bone reabsorption [10] . Therefore, the alendronate sodium or calcitonin administration three months before zoledronic acid also contributed to the inhibited bone reabsorp- Osteoporosis has been called the "silent killer" because early stages of the disease are difficult to detect and diagnose. In this study, the severity of bone pains was largely rated as no pain and mild; in most cases, the patients only reported significant bone pains when fractures occurred. Primary osteoporosis is a long-term, chronic condition. The pathogenesis of bone pains mainly includes 1) destruction of bone microstructure and secondary muscle spasm caused by excessive bone transformation, primarily bone reabsorption, and 2) fractures, especially fragility and compression fractures of vertebral body and fracture of hip.
With regard to the acute-phase bone and joint pain in some patients after zoledronic acid administration, it is mainly contributed by inflammatory factors and thus can be gradually mitigated by clearing the inflammatory factors. From the study results, alendronate sodium and calcitonin can reduce the occurrence of acute-phase pains following zoledronic acid treatment. Alendronate sodium is considered a second-generation bisphosphonate that adheres to the bone surface and eases bone pains by inhibiting bone reabsorption and osteoclasia. Calcitonin-salmon is a synthetic polypeptide of 32 amino acids in the same linear sequence that is found in calcitonin of salmon origin. It can combine with the cal-Open Journal of Preventive Medicine citonin receptor in osteoclasts, which not only inhibits the development and activity of osteoclasts, but also encourages osteoclasts to produce a massive number of cyclic adenosine monophosphates (CAMPs) to activate protein kinases (PKs), thereby suppressing bone reabsorption and alleviating the bone and joint pain [13] [14] . It is also reported that calcitonin acts on the nerve center to increase the β2-EP concentration and relieve pain by combining β2-EP and the opioid receptor. Apart from this, it has been clinically proved that calcitonin acts on the hypothalamus with specific receptors to regulate the sense of pain in the central nervous system [10] . Therefore, calcitonin is an appropriate medication for osteoporosis with a clinically significant pain. However, the possible APR (e.g., flushes, nausea) reduces the compliance with daily use of calcitonin. In this case, a sequential regimen can be adopted by replacing calcitonin with zoledronic acid.
In terms of NSAIDs use, there was a sharp decline in the alendronate and calcitonin groups, which is associated with the decreased adverse reactions such as fever, flu-like symptoms and bone and joint pain. Further, alendronate sodium is able to lower the peaks of temperature while calcitonin plays a significant role in relieving bone pains. The correlation between zoledronic acid and arrhythmia, especially atrial fibrillation, remains controversial. In UK, the zoledronic acid-treated patients are informed that the medication may elevate the risk of atrial fibrillation because of a clinical trial where it is found that female patients having received IV infusion of zoledronic acid are exposed to a higher risk of the disease [16] . Kim, D.H., et al. performed a meta-analysis to investigate the correlation between bisphosphonates and cardiovascular (CV) events and drew a conclusion that bisphosphonates did not have beneficial or harmful effects on atherosclerotic CV events, but zoledronic acid might modestly increase the risk of atrial fibrillation [17] .
According to another meta-analysis, there is no association between bisphosphonate exposure and atrial fibrillation [18] . In this study, no patient had atrial fibrillation. This implies that atrial fibrillation is indeed a rare case, and the sequential regimen does not necessarily mean an elevated risk of arrhythmia.
Nevertheless, the absence of atrial fibrillation is probably related to the inclusion criteria that consider those with heart diseases, especially arrhythmia, ineligible candidates for the study and the Ca supplement provided for the patients to en-Open Journal of Preventive Medicine sure their blood calcium levels.
The renal impairment associated with zoledronic acid is another cause for concern. In US, it is reported that the zoledronic acid-treated patients may suffer 
Limitations
Several limitations of this study should be noted. All patients were under observation for one week only, with the common APRs as the monitoring indicators.
The results of the trial are inevitably affected by the inherently subjective patients. Further analysis is required to investigate the long-term, zoledronic acid-associated adverse events or the effect on the long-term BMD. Besides, the statistical analysis might be underrepresented because a relatively small number of patients were included in each group.
Conclusion
Osteoporosis is a chronic disease that requires life-long treatment and good 
